Real estate valuation is carried out correctly if it takes into account all the conditions occurring on a given market at the time of its performance. One of the important determinants of correct valuation is the proper determination of the land use class of the property being valued. It is equally important to find similar properties with the same land use classes as the property subjected to valuation. This does not pose a problem when a property is located within an area with one specific land use zone. If, however, its land use zoning is not homogeneous, finding similar properties may be difficult.
Introduction
For each property valuation, it is important for the obtained value to reflect market conditions existing at the time of valuation. Although real estate valuation methods depend on the experience of individual countries, their vast majority relies on some form of comparison of the real estate being valued with other properties (PAGOURTZI et al. 2003) .
Polish regulations on real estate valuation (ACT 1997) require such a comparison to be made based on so-called "similar properties". This term covers real estate that is comparable to the property subjected to the valuation procedure as far as its location, legal status, land use, intended purpose, as well as other attributes that affect its value are concerned. The listed attributes can be divided into two groups (ZYGA 2012) . The first one includes attributes that define similarity of the objects contained in the real estate database to the property being valued, such as legal status, land use or intended purpose. The second one includes attributes such as the location, surroundings, accessibility, or shape of the parcel, based on which the level of transaction prices is adjusted to determine the market value of the property subjected to the valuation procedure. All these attributes should be taken into account when preparing individual real estate valuations (CELLMER et al. 2014 ). This task, however, is hindered by the complexity and non-homogeneity of real properties (DAWIDOWICZ et al. 2004) as well as by the diversity and imprecision of the attributes (RENIGIER-BIŁOZOR et al. 2017) .
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A variety of determinants of spatial planning (ACT 2003) significantly influence the potential use of a property for specific purposes (KALUS, HABDAS 2012) and, consequently, its value. Therefore, statutory recommendation for a valued property to be compared to properties with similar land uses was established. Unfortunately, characteristics of the planning space which shape the records of spatial planning documents frequently lead to the establishment of lines that delimit areas with different land uses, whose configuration is not quite consistent with the course of cadastral boundaries. Although these lines should extend along the boundaries of land properties (BIEDA et al. 2012 ), this is not always possible because of the existing land development . As a result, surveyors frequently have to deal with real estate located in different land use zones.
Valuation of real estate with different land uses should be performed in the same way as any other. However, it is necessary to find similar properties which consist of areas with the same land uses, and in the same proportions, as the real estate being valued; this, however, can be difficult on the local market. According to the author, misdetermination of the land use (ADAMCZYK, BIEDA 2014) may also result in the erroneous definition of property value. Hence, the idea to specify total transaction prices of comparable properties and the unit values of the areas of specific land use. This process is feasible, for example, by using a variety of mathematical models that belong to the statistical analysis of the market in comparative approach.
If the configuration of different land use zones in a single parcel is very complicated, finding even a few properties similar to the one being valued, which would be the objects of transactions in the real estate market can be considered a success. If, however, it is necessary to divide transaction prices according to the areas of specific land uses, this can be carried out by applying a conditional model that has long been used in surveying to adjust observation results (CZAJA 1997) , (PREWEDA 2013) and (WIŚNIEWSKI 2005) . In real estate valuation, it has already proven to be useful for separating: the value of land from the value of buildings in the valuation of built-up properties (PARZYCH 2009b) , land use zones during the valuation of agricultural real estate (BYDŁOSZ et al. 2011 ), (PARZYCH 2008 and (PARZYCH 2009b) , as well as forest site types when valuating forest real estate (PARZYCH 2008) , (PARZYCH 2009a) and (PARZYCH 2009b) . It was also proposed for use in general assessment (PARZYCH, BYDŁOSZ 2008) .
This model is based on the analysis of transaction prices for the entire property. It is used when the number of transactions involving properties with non-homogenous land use on a given market is smaller than the number of analyzed components of the property. Good results are dependent on the determination of approximate unit values of the prices of specific components of real estate, according to the situation in the analyzed real estate market.
Methodology of property valuation using the conditional model
In order to separate the transaction price of a land property which is covered by different land use zones into price components corresponding to fragments with a specified land use, the equations in Form (1) should be built as follows:
where: -transaction price of the entire j-th property, -surface area of the area covered by a specified land use class, as the i-th element of the j-th property, ̃ -approximate unit value of the i-th component of the property, -random deviation to the approximate unit value of the i-th component of the property. After multiplying the corresponding terms in Equation (1) and grouping them, a conditional model of real estate unit prices is obtained, which is expressed as in Formula (2).
In the equation (2), the intercept is the difference between the transaction price for the property and the model price , which is the approximate price for a given property. The formula for the model price can be written as (3).
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For specifying the approximate value, unit values of real estate located in the same land use zone which were objects of trade on the local real estate market can be used. Hence, the value of the intercept ∆ of the equation (2) can be determined using the values defined by Formula (4).
After substituting the intercept in Equation (2) with the denotation adopted in Formula (4), the conditional model for unit real estate values will take the following form (5).
For several similar properties, a system of equations can be built symbolically in the matrix form (6).
• ∆
where: -matrix formed from values of surface areas of the individual components of a property, -random deviation vector for model unit values of real estate components, ∆ -matrix formed from the differences between transaction prices and approximate values for the analyzed properties . The system of equations (6) satisfies the Gauss-Markov assumptions described by Formula (7).
• 0 ⟹ 0
The estimator of the random deviation vector can be calculated using Formula (8).
•
Unit values of the real estate components ̂ can be calculated from Formula (9).
Estimators of residual variance are expressed using Formula (10).
It is necessary to determine the covariance matrix of random deviations, which is calculated from Formula (11).
Equation (12) can be written for the covariance matrix of the vector of unit values of real estate components.
The value of the property subjected to valuation is determined using Formula (13).
The inaccuracy of the determined property value is estimated using Formula (14).
where: -vector of surface areas of the components of the real estate being valued. Performance of the calculations according to the scheme presented above is valid only if all similar properties are defined by attributes identical to the ones used in the property being valued.
Exemplary valuation of land property covered by different land use zones
In order to verify the suitability of the conditional model for the valuation of land properties covered by different land use zones, the value of a land property located in one of Krakow's housing estates was estimated. The property being valued consisted of one plot of 3,780 m² and was located in areas www.degruyter.com/view/j/remav vol. 26, no. 1, 2018 which, in the local zoning plan, were intended for multi-family housing (MW), commercial and public development (U), public roads (KD) and public green spaces (ZP).
The data necessary for the valuation of the subject real estate were acquired from the Registry of Property Prices and Values (REGISTER 2016). They formed the basis for the creation of a database of similar properties, which is presented in Table 1 . Source: Own study.
The properties introduced to the real estate database were objects of real estate transactions in the years 2013-2014, at a time when prices in Krakow were stable (BIEDA 2017). Their location, surroundings, shape, and access could be described with the same values of attributes. All the properties selected for valuation had the same land use class in the local zoning plan as the property being valued. The only differences were the proportions of the surface areas of various land uses. These surface areas were calculated on the maps and are presented in Table 2 . Source: Own study.
The information contained in Table 2 allowed for constructing a matrix, which was used to define the unit values of real estate located in the following land use zones: MW, KD, ZP and U (15). 
In order to determine approximate values of the areas of specific land uses, transaction prices of the properties with homogeneous land use zones were analyzed. These properties were sold on the same local market and in the same period as the properties contained in the comparable database (Table 3) . Source: Own study.
Further in the calculations, only the average values of the transaction prices obtained for properties with a specific intended use were used. Their falsity can be specified from weights www.degruyter.com/view/j/remav vol. 26, no. 1, 2018 determined from standard deviations. In this case, however, the scatter of the bases was small (below 5%) and, therefore, the weights were not included in the calculations.
Values defined as the arithmetic means of all recorded transactions were included in the matrix of approximate values (16). 
Based on the matrix and the matrix of approximate prices ̃ , model prices for individual properties and price increments ∆ were determined, from which the matrix of the intercept (17) Standard deviation = 5,699 PLN, which accounts for approx. 0.6% of the determined market value.
Validity of valuation with specifying different land use zones
The unit value of the real estate subjected to the valuation procedure, calculated from the conditional model, was PLN 255/m². Thus, it did not fall within the range between the lowest and highest transaction prices from the database of comparable properties, which were 121 PLN/m² and 221 PLN/m², respectively. This does not necessarily mean, however, that the value obtained in the conditional model was completely useless.
The value obtained in the conditional model was compared with the arithmetic mean of unit transaction prices from the database of comparable properties, i.e. 181 PLN/m 2 . It was determined with the standard deviation of 42.92 PLN/m 2 and multiplied by the surface areas of individual areas (Table 4) . Source: Own study.
Differences in the obtained values are clearly noticeable. For properties from the comparable database, the values determined from the unit transaction price were, respectively, 50% higher, and 18% and 10% lower, whereas for the property being valued -29% higher than the value obtained in the conditional model. Of course, these discrepancies resulted from the different proportions of areas of different land uses. Figure 1 demonstrates the contribution of the values of individual land use zones to the total value of the parcels. Source: Own study. Averaging the prices in all land use zones not only changed the value of the entire land but, above all, the values of the individual zones. The smallest differences were noticeable in the case of areas where the unit value obtained from the conditional model was closest to the arithmetic mean unit price, i.e. for public roads (KD). The difference between them was only -24 PLN/m², which translates into approx. -16%. For the remaining areas, there were clear discrepancies, such as 54% for MW, -246% for ZP, and 39% for U. They resulted from much greater differences between the results of the applied calculation methods.
The arithmetic mean, however, does not account for the fact that the proportions of surface areas of individual land use zones are different for the whole property (Figure 2) . Properties No. 2 and 3 consisted of different land use zones, the surface areas of which had similar proportions. Unfortunately, property No. 1 differed greatly in this respect. Its buyer paid mainly for areas intended for public green spaces (ZP) and public roads (KD), which were completely useless. The total share of these areas in the entire surface area of the parcel was about 80%, while in properties No. 2 and 3 -it was much smaller (about 50%). That is why the unit price of that property was much lower than the rest, and affected the final value of the property being valued.
On the other hand, the total surface area of Zones ZP and KD in the valued property was the smallest and amounted to approx. 40%. A large share of expensive areas intended for development (i.e. MW and U) resulted in a significant increase in the unit value specified in the conditional model.
Conclusions
Along with the development of an economic society, a need arises to develop a reliable and effective approach to determining the market value of real estate (CHEN et al. 2017) . It is frequently the case that a common arithmetic mean of transaction prices is closer to rational valuation than a complex model (ADAMCZEWSKI 2006) . However, with properties located in different land use zones, this rule does not always apply. It is clearly noticeable in the presented example that lack of homogeneity in land use classes can be problematic if the database of comparable properties contains real estate with various proportions of different land use zones and, additionally, they are dissimilar to the property being valued.
Calculation algorithms of the methods which assume that it is enough if land use classes of the real estate in the database of comparable properties are similar to the land use classes of the property being valued, and do not take into account the possible differences in proportions of different land use zones, should not be used for the valuation of properties located in non-homogeneous areas, unless the database contains real estate whose areas of individual land use zones are similar to the areas of these land use zones in the property being valued.
If, however, it is not possible to establish a comparable database containing real estate with the same proportions of land use zones as the property being valued, the author suggests using algorithms allowing for the division of transaction prices into components corresponding to the areas of specific land use zones.
One such method is valuation using the conditional model, as presented in this paper. Its obvious advantage is that there is no need to build a large database to carry out calculations. However, due to the fact that it is based on the method of least squares, it should be remembered that it may not be resistant to outliers (LIGAS 2010 
